Objective: The aim of this study was to investigate factors associated with emergency department (ED) admission and re-hospitalization within 1 year following a baseline asthma attack requiring hospitalization, and to investigate the role of complete blood count (CBC) parameters in these attacks.
INTRODUCTION
Asthma attacks are conditions which require urgent intervention, cause significant morbidity and might be lifethreatening. The attacks are the most common cause of emergency department admissions and constitute an important part of the expenditures related to asthma. [1] Despite the current medical treatments, there has been no significant decrease in emergency admissions. [2, 3] The number of emergency department admissions and hospitalizations are important determinants for the severity of asthma and attack which might be mortal. Some asthma patients have frequent attacks and it could not have been verified clearly which factors are associated with frequent attacks. It has been reported that the factors such as age [4, 5, 6] , non-white race [4, 6] , low socioeconomic level [7] , female gender [5, 6] , psychopathological status, chronic sinusitis, gastroesophageal reflux disease, obstructive sleep apnea syndrome [8] are associated with frequent attacks. Nevertheless, there are also studies that have not determined the relationship between the age [7, 9] and gender [4, 7, 9] and the attacks.
In recent years, the effect of whole blood count parameters on the severity and progression of chronic diseases has been questioned. The ratio of neutrophils to lymphocytes (NLR) as an indicator of inflammation has been found to be associated with the severity of the disease and hospitalizations in chronic obstructive pulmonary disease, [10] diabetes mellitus and hypertension. [10, 11] For the association of asthma with whole blood count parameters, there are few studies conducted with different patient groups and different methods. In uncontrolled asthma patients, the ratio of eosinophils to lymphocytes (ELR), eosinophils to neutrophils (ENR) and NLR values were found to be high in eosinophilic phenotype. [12] In children with asthma, NLR has been associated with hospitalization and attacks. [13, 14] The results of the study investigating the relationship between the number of episodes and NLR values in adult asthma show some differences. [9, 15] The aim of this study was to investigate the factors associated with asthma attacks requiring emergency admissions and re-hospitalization in a year following asthma attacks requiring hospitalization and to investigate the relationship between NLR and other blood count parameters and the attacks.
MATERIALS AND METHODS
This is a single-center, retrospective observational study conducted in a pulmonology clinic of a secondary state hospital.
From the hospital automation system between September 2015 and September 2017, the medical files of 131 patients which were hospitalized with the diagnosis of asthma [ICD-10 (10 th revision of the international classification of diseases): J45, J45.0, J45.1, J45.8, J45.9 codes] were evaluated.
Inclusion criteria:
• The patients whose asthma diagnosis has been confirmed by a pulmonologist [16] • The patients who have asthma as a hospitalization reason
• The patients with one-year follow-up in our hospital
Exclusion criteria:
• Hospitalizations not caused by asthma attacks (diagnoses such as pneumonia, malignancy, interstitial lung failure, decompensated heart failure, restrictive lung failure, pulmonary embolism)
• Patients who do not continue clinical follow-up in our hospital
Patients with recurrent hospitalizations were enrolled once with their first hospitalization. 59 patients hospitalized with asthma attack and followed up in our clinic were included in the study (Fig. 1 ). One-year follow-up of the patients after the attack was investigated.
Recorded data
Demographic characteristics, comorbidities, basal whole blood count parameters including leukocyte (10 3 /L), neutrophil (10 3 /L), lymphocyte (10 3 /L), platelet (10 3 /L), eosinophil (10 3 /L), eosinophil (%), hemoglobin (g/dl) and Creactive protein (CRP) (mg/l) values, PA chest radiographs and other investigations were performed. All hospital admissions from the automation system were examined and additional diseases were re-investigated. Hospitalization periods were recorded. Pulmonology outpatient clinic and asthma-related emergency department admissions of all patients were reviewed within 12 months from the date of discharge and re-hospitalization requirements were investigated. Treatment results and hospitalization requirements were recorded from all emergency admissions. The ratio of neutrophils to lymphocytes (NLR), the ratio of platelets to lymphocytes (PLR), the ratio of eosinophils to lymphocytes (ELR), the ratio of eosinophils to neutrophils (ENR) were calculated.
Study design
All patients were divided into 2 groups, according to the number of emergency admissions as less than 2 emergency department admissions and ≥2 emergency admissions. And the factors associated with frequent emergency visits were investigated.
Statistical analysis
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DISCUSSION
When the morbidity, labor loss and high health expenditures caused by asthma attacks are considered, it is important to identify the risk group. In our study, the relation- 
RESULTS
The mean age of the patients included in the study was 58±16 years and 9 (15%) of them were male. Forty-six (78%) patients had at least one comorbidity. The most commonly recorded diseases were hypertension (39%), anxiety disorder or depression (27%) and diabetes mellitus (24%). The mean hospital stay was 6±3.4 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) days.
In the follow-up of the patients, the mean number of outpatient admissions was 2.8±2. ship between adult asthma attacks and the risk of relapses was examined and important results were obtained regarding complete blood count parameters. High NLR values in episodes requiring hospitalization were determined to be a risk indicator for frequent emergency admissions and re-hospitalization in the following year. Furthermore, the relationship between high PLR values and re-hospitalization was demonstrated for the first time.
The rates of hospital admissions, exacerbations and hospitalizations in asthma patients vary widely in relation to the clinical setting, study group and study method. Griswold et al. evaluated 3000 emergency admissions due to asthma attacks in the United States. In the previous year, 73% of these patients reported at least one more and 21% had more than five emergency admissions. [4] The number of hospitalizations with asthma exacerbation was 2.1±2.3 and the number of emergency admissions was 4.2±4.1 in one year. [17] In another study, it was analyzed that %70 of uncontrolled asthma patients required outpatient visits and 36% of them required emergency visits in one year and 14% of these patients required hospitalization. In asthma patients under control, these rates were found to be 43%, 10% and 3%, respectively. [18] Adams et al. reported that in the first year following hospitalization due to attacks, ≥2 emergency admissions were found in 11% and re-hospitalizations in 13%. [19] In our study, less than half of the patients admitted to the emergency room after the attack and more than one third of the patients were hospitalized again.
Emre et al. reported that the average hospitalization day due to asthma attack was 8.5±4.6 days in the Pulmonology Clinics of a state hospital in Manisa. [20] In our study, the mean length of stay was two days shorter. It has been reported that meteorological changes might be associated with the attacks. [21] We believe that different hospitalization times may be associated with meteorological changes and further studies are needed on the factors affecting the attack severity and duration.
Different results have been presented regarding the factors affecting the frequency of attacks. Age [4, 5, 6, 8] and female gender [5] have been reported as risk factors for frequent attacks. In addition to studies reporting that the sex and frequency of attacks were unrelated [4, 6] ; Eisner et al [7, 9] reported that there was no relationship between demographic features and frequency of attacks and similarly in their study, no relationship was found between age and gender and frequency of attacks. In asthma exacerbations, the relationship between psychopathological status and chronic sinusitis has been demonstrated for the frequency of exacerbations which was recorded in the previous year [8] In our study, no association of comorbidities with attacks was found. We think that the association of comorbidities and demographic characteristics with the frequency of attacks should be investigated in studies with larger sample size.
In recent years, the use of whole blood count parameters as an indicator of inflammation in asthma has been questioned. Studies with different methods and different patient groups have been published. High NLR values have been reported to increase the risk of asthma attacks for all age groups. [9, 14] Gungen et al. have compared stable asthma patients with healthy control group. In asthma, NLR values were found to be higher and it increased when the disease was not under control, and the number of attacks and NLR values were found to be unrelated. [15] In the pediatric patient group, higher NLR values than in healthy volunteers have been reported, while hospitalization and NLR have been reported unrelated. [13] Zhang et al. have found that peripheral blood ELR, ENR and NLR values were correlated among asthma phenotypes in asthmatic patients receiving treatment but not under control. [12] In our study, ELR and ENR values were not correlated with the number of attacks and hospitalizations. However, NLR values were higher in patients with frequent emergency admissions and those who needed re-hospitalization.
The neutrophils are thought to play a key role in triggering and resolving an asthma attack. [22] Neutrophils have been shown to cause airway constriction in severe asthma rather than stable asthma. [23, 24] The lymphocytes are reduced in acute stress conditions such as myocardial infarction. [25] NLR was thought to be more accurate than neutrophil or lymphocyte analysis alone. [26] Our results suggest that high NLR is associated with both frequent emergency admissions and re-hospitalization. The neutrophils alone were also associated with frequent emergency admissions.
The platelets have been shown to play important roles in immune system regulation and inflammation. Triggering factors stimulate the release of inflammatory cytokines and stimulate white blood cells. [27, 28] It has been shown that platelets are activated in asthma and CD154 expression is increased. [29, 30] CD154 release has been shown to activate platelets during allergen sensitization in asthma, stimulating other white blood cells to cause inflammation to become more pronounced. [31] In the literature, we could not find a study investigating the relationship between asthma attacks and platelet count and PLR. In our study, the platelets were not associated with frequent emergency admissions, whereas high PLR values were associated with severe episodes requiring hospitalization.
The most important limitation of this study was that it was retrospective and uni-centered and the physiological parameters of the patients were not recorded. As a retrospective study, educational status, treatment protocols and treatment compliance of the patients could not be examined. However, all patients were followed up by the pulmonologists at our center. The fact that all district hospitals are connected to the same automation system has ensured that comorbidities and hospital admissions were reliably detected.
CONCLUSION
In conclusion, rapid, simple and easily accessible complete blood count analysis in asthma attacks can provide important clues for the prognosis of the patients. For frequent emergency admissions, NLR values and for the attacks which require re-hospitalization, NLR and PLR values should be considered as an indicator of inflammation.
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